Satellite may check relativity theory by unknown
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From 250 m i l l i o n  miles ou t  i n  space,  two spacecraf t_%hat  
f lew by Mars l a s t  summer a r e  g iv ing  s c i e n t i s t s  a rape chance 
t o  check A l b e r t  E i n s t e i n ' s  theory  of  r e l a t i v i t y .  
The s p a c e c r a f t  a r e  Mariners 6 and 7 ,  managed for t he  
Nat ional  Aeronaut ics  and Space Adminis t ra t ion by t h e  J e t  
Propuls ion Laboratory,  Pasadena, Calif .  
Today, j u s t  before  Mariner 6 swings behind the Sun, 
i t s  r a d i o  s i g n a l  w i l l  pass  very c lose  t o  t h e  Sun before  t h e  
s i g n a l  i s  occul ted  (ou t  of  " s i g h t " ) .  
D .  Anderson o f  JPL  and D r .  Duane 0.  Muhleman of t h e  C a l i f o r n i a  
I n s t i t u t e  of Technology the  oppor tuni ty  t o  v e r i f y  i f  the  s i g n a l  
i s  slowed up by as much as two-tenths of a mile p e r  second. 
That  w i l l  g ive D r .  John 
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If E i n s t e i n ' s  54-year-old t h e o r y  i s  c o r r e c t ,  t h e  slow- 
i n  the  round t r i p  s i g n a l  f rom J P L  s Goldstone t r a c k i n g  
s t a t i o n  on t h e  Mojave Deser t  w i l l  be  only 200 mj. l l ionths  of 
a second, y e t  it can be measured. Normal round t r i p  t i m e  i s  
about 45 minutes for the  r a d i o  s i g n a l  t r a v e l i n g  a t  t h e  speed 
of l i g h t  (186,000 m i l e s  p e r  second) .  
A s  r a d i o  s i g n a l s  a r e  beamed t o  t h e  s p a c e c r a f t ,  t h e y  w i l l  
pass wi th in  one m i l l i o n  miles of t h e  Sun's s u r f a c e ,  a 
r e l a t i v e l y  s h o r t  d i s t ance  by i n t e r p l a n e t a r y  s tandards .  
The p resen t  experiment,  l abe led  "A Fourth Test  of  General 
R e l a t i v i t y , "  was f i r s t  proposed i n  1 9 6 4  by Muhleman and D r .  
I rwin Shapiro o f  the Massachusetts I n s t i t u t e  of  Technology. 
Muhleman and Shapiro showed t h a t ,  i f  one can measure 
p r e c i s e l y  t h e  t i m e  i t  t akes  f o r  a r a d i o  s i g n a l  t o  t r a v e l  t o  a 
p l ane t  o r  s p a c e c r a f t  and back t o  E a r t h ,  t h e  var ious t h e o r i e s  of 
g r a v i t a t i o n  can be t e s t e d .  
o f  l i g h t  i s  s lower i n  t h e  g r a v i t a t i o n a l  f i e l d  nea r  t h e  Sun than  
i n  i n t e r p l a n e t a r y  space where g r a v i t a t i o n a l  f i e l d s  a r e  weaker. 
I n  E i n s t e i n ' s  theory ,  t h e  v e l o c i t y  
Thus, as the r a d i o  s i g n a l  passes nea r  the Sun the  waves a r e  
s l i g h t l y  slowed and t h e  t o t a l  t r a v e l  time i s  a l i t t l e  longer .  
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The m d i o  astronomers hope, by ana lys i s  of" the Nariner 
s i g n a l s ,  to learn whethe? E ins t e in  w a s  rf@t when he proposed 
- h i s  gmvitatfonal theory OP" wheGher m o r e  recent observations 
a r e  eomxct which indfcate Eins te fn ' s  p red ic t ions  could be i n  
emws by as much as LO per  eent. 
''Ow" expwiment could s e t t l e  t h i s  controvemy, s a y s  
Anderson, of JPL,  p r i n c i p a l  i n v e s t i g a t o r  on t h i s  Mariner t e s t ,  
Muhleman, m a s s o c i a t e  professor  of p lane tary  sc iences  a t  Caltech, 
stresses that " f i n a l  ana lys i s  of  the  data may take  many months." 
Tlze experiment was made poss ib l e  by the  p rec i se  d is tance  
measuring system b u i l t  by Warren L. Martin, JPL  telecommunications 
research  engineer  and co- inves t iga tor ,  and by the  210-foot antenna 
b u i l t  by NASA a t  Goldstone and operated by JPL.  
E i n s t e i n ' s  genera l  +,heory o f  r e l a t i v i t y  i s  a c t u a l l y  a geo- 
lne t r ica l  theory of  g r a v i t a t i o n .  Resolving any doubts  about  i t  i s  
"of enormous lmportanee t o  p h y s i c i s t s  and astronomers ,?' say  
Muhleman and Anderson, "because of t h e  fundamental importance 
of g r a v i t y  t o  a b e t t e r  understahding o f  the  universe ."  
Previously,  theye have been th ree  methods o f  t e s t i n g  E i n s t e i n ' s  
r e l a t i v i t y  theory,  a l l  proposed by E ins t e in  himself.  One i s  t h a t  
t he  frequency of s p e c t r a l  l i n e s  i n  the l i g h t  from massive stars 
shifts toward the  red s i d e  of  the spectrum. Another i s  t h e  
bending of l i g h t  rays f rom d i s t a n t  stars by the Sun's g r a v i t a t i o n a l  
f i e l d  
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The t h i r d  t e s t ,  measuring the  s l i g h t  change i n  Mercury's 
o r b i t  about t he  Sun, was genera l ly  considered v a l i d  u n t i l  recent  
years. 
However, i n  1966,  P r o f .  R .  H .  Dicke of Pr inceton Universi ty  
made measurements i n d i c a t i n g  t h e  Sun i s  s l i g h t l y  ob la t e ,  i n s t ead  
of round. He argued that t h i s  oblateness  ( f l a t n e s s )  causes 
perhaps 10 per  cent  o f  t h e  s h i f t  i n  Mercury's o r b i t  and 
suggested E i n s t e i n ' s  t h e o r y  may need f u r t h e r  cor rec t ion .  
On May 1 0  t he  same experiment w i l l  be performed w i t h  Mariner 
7 before  i t  passes  behind t h e  Sun. 
These measurements h igh l igh t  a year-and-a-half series o f  
r ad io  s i g n a l  observat ions of t he  two Mariners which w i l l  run 
through t h e  end of 1970. 
The Mariner r ad io  measurements began on a once-a-week 
basis l as t  September, a month or so  a f t e r  t h e  spacecraf t  had 
completed t h e i r  data-gather ing tasks a t  Mars and s e t t l e d  i n t o  
wide-ranging o r b i t s  around t h e  Sun. 
Radio s i g n a l s  from the  210-foot t r ack ing  antenna a t  
Goldstone a r e  shot  i n  a narrow beam w i t h  up to 400,000 watts 
o f  power. S t s i k i n g  t h e  spacecraf t  antenna, t h e  s i g n a l s  t r i g g e r  
a t ransponeer  which amplif ies  and r e t u r n s  t h e  s igna l s  t o  
Goldstone 
' .  
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The ranging performance of NASA's Deep Space Network has 
been improved i n  r e c e n t  years  s 3  that  t h e  t o t a l  elapsed time 
can be  measured wi th in  l ess  than a m i l l i o n t h  o f  a second, s a y  
the  i n v e s t i g a t o r s .  They also can establ ish t h e  a c t u a l  d i s t ance  
t o  each s p a c e c r a f t  w i th in  100 feet  over  the  d i s t ance  of a q u a r t e r  
of a b i l l i o n  m i l e s .  
The u l t i m a t e  accuracy of t h e  "fourth t e s t "  w i l l  be l i m i t e d  
by t h e  i n v e s t i g a t o r s '  a b i l i t y  t o  remove t h e  e f f e c t s  of  i n t e r -  
p lane tary  e l e c t r o n s  which a l s o  slow the r a d i o  s i g n a l s  b u t  by 
a much sma l l e r  amount. The experimenters  say t h e  cont inuing 
t e s t s  should enable  them t o  determine e l e c t r o n  dens i ty  v a r i a t i o n s ,  
and l e a r n  more about t he  s o l a r  corona and t h e  flow o f  charged 
p a r t i c l e s  f ~ o n  t h e  Sun, t he  so-cal led s o l a r  wind. 
The  Mariner program i s  managed by  NASA's Office of Space 
Science and Applicat ions and t h e  Deep Space Network i s  managed 
by t h e  Off ice  o f  Tracking and Data Acquis i t ion ,  
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